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I. IIJTBODUC TION 

This i s  t h e  second qua r t e r ly  repor t  covering work during the  repor t ing  per iod 
September 27, 1963 through December 27, 1963 on Contract No. NAS-5-3467 which 
was awarded t o  The Ebrden Chemical Company by t h e  National Aeronautics and 
Space ddminis t ra t ion ,  Goddard Space F l i g h t  Center , -on June 27, 1963. 
Burgess Bat tery Company of Freeport ,  I l l i n o i s ,  i s  p a r t i c i p a t i n g  i n  this con- 
t r a c k  i n  manufacturing and t e s t i n g  c e l l s  which incorpora te  separa tors  developed 
l o r  t h i s  study. 

The 

I n  thc f i rs t  q u a r t e r l y  r epor t  f i l m s  were c a s t  f rom a va r i e ty  of polymer types 
a i d  t e s t e d  by bench s c a l e  procedures f o r  s u i t a b i l T t y  as membranes f o r  s i l v e r -  
oxTcle-zinc c e l l s .  
and forwarded t o  Burgess f o r  acce lera ted  l i f e  t e s t s  i n  c e l l s .  
per iod  t h e  same p lan  w a s  followed, and elaborated wi th  the ob jec t ive  of f u r t h e r  
e luc ida t ing  the r e l a t ionsh ip  of chemical s t r u c t u r e  t o  membrane performance i n  
c e l l s  0 

Films showing acceptable  p rope r t i e s  werc prepared i n  quant i ty  
During the  prescnt  

F'olyncrs of a wide range of po la r i ty  were c a s t  as films and screened as po- 
t c n t i a l  separa tors  by t e s t s  f o r  conduct ivi ty  and s o l u b i l i t y  behavior. 

O n l y  water so luble  polymers showed conduct ivi ty  i n  30% and 40% KOH of t h e  
order  of  cellophane. 
s t a n t i a l l y  absorbed t h e  KOH so lu t ions  gave conduct ivi ty  of t h e  order  of 
c cllophane. 

More narrowly, only  those i n  t h i s  category which sub- 

Sevcral modif icat ions of polymers have formed homogeneous films which have 
good conductive and t e n s i l e  proper t ies .  

Resis tance of f i l m s  t o  ox ida t ive  a c t i o n  of silver oxide i n  KOH was studied.  
Irre0gular r e s u l t s  have l e d  t o  e labora t ion  of this t e s t  f o r  the purpose of 
achieving h igher  cont ro ls .  

Several  candidate  membranes a r e  being t e s t e d  a t  Burgess Bat tery Compaq i n  c d l s .  
Resul ts  are preliminary.  

These experiments a r e  s t i l l  i n  progress.  
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111. FUTURE PROQ?l"lM 

(1) Work toward improvement i n  the  KOH-Ag$ ox ida t ion  tes t  should be 
continued, 

(2) Conductivity measurements t o  da te  have been designed t o  give a 
preliminary r a p i d  screening. Study of s 5 a t i s t i e a l  va r i a t ions  i s  needed for 
pr e c i s e work ., 

(3) Prepara t ion  of 81' x 40'' f i l m s  of modified methyl c e l l u l o s e  of en- 
hanced conduct ivi ty  i s  planned. 

( 4 )  Further  work i n  preparing and modifying polyamine polymers i s  
pianned. 

The c r i t e r i a  f o r  s e l e c t i n g  candidates f o r  t e s t i n g  i n  c e l l s  remain t h e  same 
as out l ined i n  t h e  previous report ,  
a l k a l i ,  be r e s i s t a n t  t o  oxidation, have low e l e c t r i c a l  r e s i s t ance ,  be an 
e f f e c t i v e  b a r r i e r  t o  zinc,  f l ex ib l e ,  sealak.Le and ava i l ab le  i n  d ry  fom. 

The separa tor  should withstand s t rong  

V, EXPERIIIIENTLL SECTION 

Some of' the  screening tes ts  described e a r l i e r  have been modified or e laborat-  
ed as a r e s u l t  of experience i n  t h e i r  useo 
descr ibed i n  p r i n c i p l e  below. 
f i n a l  r epor t  or on request .  

These changes and new tests a r e  
Deta i led  desc r ip t ions  will be given i n  t h e  

Physical  Tests - I n  t h e  previous quar te r  t h e  e f f e c t s  of oxida t ion  by 
Lg20 i n  KOH on t h e  f i l m s ,  was pre l iminar i ly  evaluated by a .procedure i n  which 
t h e  exposed films were removed from t h e  s d u t i o n s ,  b lo t ted ,  conditioned a t  
50% R,H. and t e s t e d  for  f l e x i b i l i t y  i n  t h e  Shopper Fold Tester. We now omit 
t h e  condi t ioning s t e p  and tes t  t e n s i l e  s t r eng th  d i r e c t l y  after b lo t t ing .  
This i s  bel ieved t o  approximate more c l o s e l y  t h e  a c t u a l  condi t ion i n  which 
we are in t e re s t ed ,  namely t h e  swollen f i l m  d i r e c t l y  i n  the  e l e c t r o l y t e  environ- 
ment. It would be d e s i r a b l e  t o  have f l e x i b i l i t y  measurements a l s o  i n  t h i s  
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condition, bu t  t h i s  i s  impossible with t h e  Shopper Fold as present ly  design- 
ed. '.Je have thus confined GUT phys ica l  t e s t i n g  t o  (a) t h e  t e n s i l e  s t rength  
of t h e  v i r g i n  f i lm a t  50% R,H. and 73" F,, t h e  s t r eng th  after 72 hours 
soaking i n  30% KOH, t h e  s t rength  after 72 hours exposure t o  30% KOH 
sa tu ra t ed  wi th  s i l v e r  oxide, For (b)  and ( c )  t he  t e n s i l e  s t r i p s  were 
removed from t h e  l i qu ids ,  t h e  surfaces  r ap id ly  b lo t t ed  dry and pul led  i n  t h e  
Tinius  Olsen Electromatic Univzrsal Test ing Machine. 
was recorded as a propei%y co r re l a t ing  wi th  t h e  f l e x i b i l i t y  of t h e  f i lm i n  
t h e  e l e c t r o l y t e  environment, 

(b)  
( c )  

The elongat ion a t  break 

Elec t ro l f le  I.bsorption Tests - The weight of e l e c t r o l y t e  absorbed and 
t h e  consequent swel l ing are knovm t o  be related t o  conduct ivi ty  and phys ica l  
p rope r t i e s  and are of p r a c t i c a l  importance i n  cons t ruc t ion  of compact c e l l s .  
The term slabsorptionlf as used i n  t h e  r e p o r t s  under t h i s  Contract refers t o  
t h e  amount of e l e c t r o l y t e  so lu t ion  s t i l l  remaining i n  t h e  f i l m  a f t e r  b l o t t i n g  
wi th  c e l l u l o s e  t i s s u e  paper, 
pe r iod ica l ly  removed, b lo t t ed  and r ap id ly  weighed, The p m c e s s  i s  re._pca€ed t o  con- 
s t a t  weight. 
i n  thichmess and t h i s  change was observed by c a l i p e r i n g  t h e  b lo t t ed  films. 

The f i l m s  are soaked i n  t h e  KOH so lu t ion ,  

..is a r u l e  t h e  aost s i g x i f i c a r t  dfmensional change-vias fomd t o  be 

Conductivity - The conduct ivi ty  c e l l  p i c tu red  i n  t h e  previous r q o r t  
vas instrumented with a General Radio 650;; impedance br idge and cathode f?y 
osc i l loscope  t o  i n d i c a t e  n u l l  point. This provided measurements on t h e  re- 
s i s t a n c e  of e l e c t r o l y t e  p lus  membrane which s u f f i c e  f o r  a rough screening. 

Film Cast ing - The procedure for t h e  prepara t ion  of polymer s o l u t i o n s  
varies with t h e  p rope r t i e s  of each polymer , Solvents, concentrations,  and 
doctor  blade s e t t i n g s  must be adjusted t o  obtain d e s i r a b l e  v i s c o s i t i e s  f o r  
laydown and s o l i d s  content  f o r  f i l m  thickness ,  Solut ions were poured a t  such 
concentrat ion and with such a clearance on t h e  doctor blade as t o  give a 
d r i ed  f i lm  of 1 t o  2 mils thickness,  The sur face  w a s  l e v e l l e d  p l a t e  g l a s s  i n  
most cases, or where adhesion t o  g l a s s  w a s  t oo  g r e a t  f o r  removal of t h e  dry  
film the  p l a t e  g l a s s  was covered wi th  a s t r e t ched  f i l m  of polyethylene or  
Saran, 
evaporation, 

Films were covered w i t h  g l a s s  baking d ishes  t o  i n h i b i t  i n i t i a l  

I n  t h e  prepara t ion  of l a r g e r  GSt x 1+011 films for t es t  c e l l s  t h e  f i l m s  after 
c a s t i n g  were covered wi th  a wooden frame provided with a screen of f i n e l y  
woven perca le  and a removable second cover of polyethylene. 
used i n  those cases  where it was des i r ed  t o  i n h i b i t  i n i t i a l  evaporation. 
The perca le  served t o  f i l t e r  o u t  dus t  p a r t i c l e s .  
f i l t e r e d  or cent r i fuged  t o  remove inso lub le  matter. 
q u a l i t y  and uniform thickness .  

The l a t t e r  was 

Solut ions were pressure  
Films were of good 

For l a r g e r  s c a l e  prepara t ion  commercial f i lms  were used, made t o  our 
spec i f i ca t ions .  
d i r ec t ion ,  

These f i lms  are s l i g h t l y  or ien ted  i n  t h e  long i tud ina l  
The e f f e c t  of t h i s  on phys ica l  p rope r t i e s  i s  under study. 
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Pinhole or  Micropore Test - This i s  a q u a l i t a t i v e  t e s t  adapted from 
paper coat ing technology (TAPPI T54 M60) t o  show the  presence of pinholes or  
micropores i n  t h e  coating, i? turpent ine so lu t ion  of a red dye i s  uniformly 
and spasingly d i s t r i b u t e d  on t h e  f i lm surface by means of a. mound of Ottowa 
sand. The presence of pinhole imperfections was revealed by t he  appearance 
of r e d  spots  on a piece of f i l t e r  paper on t h e  under s ide  of t h e  film, The 
f i l m  must of course be turpent ine insoluble ,  which condi t ion held f o r  t h e  
water-soluble f i lms  of t h i s  study, 

30% KOH Penet ra t ion  - This  tes t  was developed by analogy t o  t h e  
above, 
The film under t e s t  was soaked i n  30% KOH t o  equilibrium. 
w a s  then  placed spar ingly  on a small heap of Ottowa sand on the  upper 
sur face  and t h e  appearance or  non-appearance of t h e  dye on the  bottom 
s i d e  i s  noted. 

A blue dye, sodium a l i z a r i n  sulfonate,  was dissolved i n  305% KOH. 
The dyed KOH 

V I  , DISCUSSION 

A. S o l u b i l i t y  Proper t ies  

It was observed i n  our F i r s t  Quar te r ly  Report t h a t  only water-soluble or 
near water-soluble polymer types had thus far shown t h e  order of conductiv- 
i t y  of cellophane, The r e s u l t s  t o  date,  without exception, have been i n  
agreement with t h i s  observation. A representa t ive  group of polymers il- 
l u s t r a t i n g  t h e  range of s o l u b i l i t y  encountered i n  the  tests of this quar te r  
i s  given i n  Table I. This i s  an extension of t h e  work reported i n  Table I1 
of  t h e  previouj repor t .  
i n  30 and 40% KOH, therefore  not usefu l  d i r e c t l y  a s  separa tor  fi lms. 
polymers, a l g i n i c  acid and hydroqyethyl ce l lu lose ,  showed borderline behavior, 
being soluble  i n  30% KOH, insoluble  i n  40% KOH. 

Some of t he  water-soluble polymers were soluble  also 
Two 
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Table I - Solubi l i ty  Properties of Polyrmrs 

Polymer Solubi&& i n  Conductivity 
Water 30% KOH 40% KOH Level 

Polyacrylic Acid 

Poly ctliylenimine 

Tolyrtcrylamid ( A )  

i’oly( viriylmethyl e ther)  

Gaiitrcz AN (B) 

Ky clroq ethyl c e l l u l  o s e 

I4ctliyl ccl lulose 

poly  (2  vinyl pyriciinej 

poly (vinyl alcohol-fo-) (c) 

Poly cthyl ene Cbcide 

Sol 

S o l  

Sol  

Sol  

Sol  

S o l  

Sol 

Swollcn 

Swollen 
(14%) 

(197%) 

Sol 

Sol 

Insol  

Sol 

Sol  

Sol  

Sol 

Ins  ol 

Inso l  

I n s o l  

Insol 

Sol 

Inso l  

Sol  

Sol 

Sol  

In so l  

Ins ol 

Inso l  

Inso l  

Insol 

- 

Too s o f t  t o  t c s t  

- 

High 

Intermediatc 

Low 

Low 

Low 

~IGr’V~~-I.Iodification A ( re f .  407-27) sol Ins  ol Ins  o l  High 

I’V-iLc-I”IocLification c (ref. 
407-28) Sol  Ins  o l  Inso l  High 

I.Icthy1 cellulose-Modification B 
( r e f  . 407-34-3) So l  ins ol Inso l  High 

&thy1 c d l u l o s  e-& di f  i ca t ion  h 
(ref . 407-34-1) Sol Insol  Ins  ol High 

~- ~~ ~- ~ 

( A )  Cyammid Company. 

(I3) Copolymer of  methyl vinyl ether and m l c i c  anhydride. 

( C )  Bqcrimental  Copolymer (36.6% polyvinyl  a lcohol ,  63.4% formal of 
polyvinyl a lcohol) .  
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Figures 1, 2, 3 ,  4 dep ic t  the absorp t ion  of  e l e c t r o l y t e  with time of the  
more important films s tudied  t h i s  quarter.  Most of t hese  show a substan- 
t i a l  degree of conductivity. (See below.) 
c a l c u l a t e  t h e  swel l ing  which occurred i n  volumetric terms and t o  c o r r e l a t e  
t h i s  with t h e  th ickness  increase  ( t h e  p r i n c i p a l  dimension change), 
shown i n  Tables IIIa arid I I I b ,  The agreement i s  good, considering t h e  
p r e c i s i o n  of both tests. 

From t h e  d a t a  it i s  poss ib le  t o  

This i s  

The d a t a  i n  Tables I V  and V i nd ica t e  t h a t  as e l e c t r o l y t e  absorption decreases, 
conduct iv i ty  a l s o  decreases. Such a c o r r e l a t i o n  of swelling with e l e c t r i c a l  
conduct iv i ty  has been noted by e a r l i e r  workers,, 
oxide f i lms i n  t h i s  study i s  i n s t r u c t i v e  (Table V). Early fi lms (389-61-HE) 
appeared t o  be m exception t o  the r e l a t i o n s h i p  i n  t h a t  they d id  not measur- 
a b l y  absorb e l e c t r o l y t e ,  y e t  were found t o  be conductive. 
scopic and e l e c t r o n  microscopic s t u d i e s  (Fig. 5 )  showed what appeared t o  be 
r e l a t i v e l y  bullcy c r y s t a l l i n e  masses bound toge ther  by a very t h i n  film 
matrix. Pinholes o r  
micropores were suspected from t h i s  as wel l  as from t h e  d i s c o n t i n u i t i e s  vis-  
i b l e  t o  the  naked eye i n  s t re tched  film, 
t h e  TAPPI tu rpen t ine  pene t ra t ion  t e s t  (Table V I I ) ,  When improved films were 
made by double l a y e r  coating and hot  c a s t i n g  on hot  p l a t e s  (which p a r t i a l l y  
d isso lved  some of t h e  haze, t h a t  i s ,  c r y s t a l l i n e  aggrega tes )  pene t r a t ion  and 
conduct iv i ty  w e r e  simultaneously reduced. If completely flawless films could 
be produced it i s  our opinion that conduct iv i ty  f i g u r e s  would be of t h e  order 
of completely non-conductive films . 

The case of polyethylene 

However, micro- 

T h i s  m a t r i x  was r ead i ly  ruptured i n  t h e  e l e c t r o n  beam. 

This appeared t o  be confirmed by 

Methyl c e l l u l o s e  a l s o  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  of e l e c t r o l y t e  absorption 
and conduct iv i ty  (Table I V  and Figs. 1, and 2).  
mediate conduct iv i ty  shows o n l y  moderate absorp t ion  of 30% and 40% KOH. 

Here a ma te r i a l  of i n t e r -  

Table VI1 summzrizes TAPPI turpentine-dye t e s t s  on a number of polymers. 
The o r i g i n a l  use made of this t e s t  w a s  t o  r evea l  suspected d i s c o n t i n u i t i e s  
i n  polyethylene oxide films. 
i n  Table V I  which a l s o  showed penetration. These are polymer-impregnated 
nylon cloth.  
cont ro ls .  

It was a l s o  appl ied  t o  t h e  Gelman membranes 

Other membranes were included i n  t h e  t a b l e  pr imar i ly  as 
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The tests of Table V I 1  l eave  unanswered t h e  q u e s t i m  of whether t h e  e lec t ro-  
l jr te-snollen membranes are permeable, To answer t h i s  an analogous tes t  was 
devised (Table VIII) i n  which the membrane was equ i l ib ra t ed  wi th  30% KOH by 
soaking overnight, b lo t ted ,  placed over a piece of f i l t e r  paper, covered 
wi th  a small heap of sand, 30SiCOH containing a blue dye added i n  an anount 
j u s t  t o  wet t h e  sand, and t h e  assembly covered t o  l i m i t  evaporation. 
Pene t r a t ion  t o  t h e  r eve r se  s ide  occurred r a t h e r  quickly with conductive 
filns; 
l o s e  f i lm  (of intermediate  conduct ivi ty)  showed no penet ra t ion  i n  t h e  
test .  

t h e r e  was no penet ra t ion  with poor conductors. The methyl ce l lu-  

B, Chemical Resis tance of Films 

To s imulate  c e l l  environment filns of var ious  chemical types were 
exposed t o  30% KOH i n  t h e  presence of Lg20, continuously s t i r r e d  t o  assure 
so lu t ion .  Visually,  it was read i ly  apparent  t h a t  t h e  films nos t  quickly and 
completely a t tacked  wcre those which absorbed KOH and which were conductive. 
Poorl2i 'conductive films such as t h e  a c e t a l s  of p o l p i n y l  alcohol,  c t h y l  cel-  
l u l o s c ,  poly-2-vinyl pyr id ine  and Ik thoce l  HG were markedly more resistant, 

I n  order t o  more quan t i t a t ive ly  eva lua te  t h e  oxidat ion e f f e c t  t h c  films were 
removed from t h e  oxidat ion bath, b lo t t ed  dry  and immediately t e s t e d  f o r  
t e n s i l e  and elongation, 1. considerable body of data i s  a t  hand on t h e  l o s s  
i n  t e n s i l e  by this treatment.  
r e p l i c a t e  tests t h e  v a r i a t i o n  from one set  of tests t o  another has been h- 
s r d i x a t e  i n  t h e  case of conductive f i l m s .  
cellophane 193, t e n s i l e  after 7 2  hours exposure t o  t h e  o*dation t e s t  have 
va r i ed  from zero (almost complete d i s i n t e g r a t i o n )  t o  4378 psi .  It i s  pos- 
s i b l e  t h a t  t h e  s i l v e r  mirror forxed on the  sur face  of t h e  specimens v a r i e s  
i n  permeabili ty.  
v ious  a% t h i s  time and fu r the r  work on t h e  method i s  required.  

Although good r ep roduc ib i l i t y  was found on 

Thus, on t h e  same l o t  of PUDO 

HoT.rever, the  reasons f o r  t h e  i r , r cgu la r i t i e s  are not  ob- 

i n  Table X 
and a f t e r  exposure t o  305 IiOH (on l j r )  are given. 
of 30% IiCH ( c h i e f l y  p l a s t i c i z i n z )  on t h e  phys ica l  p rope r t i e s  and will serve  
as con t ro l  va lues  on oxidat ion tcs t s  when t h e  mctkod i s  improved. 

t h e  t e n s i l e  data oil t h e  o r i g i n a i  s t r i p s ,  conditioned a t  50% R.H, 
The la t tc r  shows t he  e f f e c t  
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C. Po lmer  Mixtures i n  Films 

The non-uniformity of polyethylene oxide f i lms l e d  t o  an attempt 
t o  p l a s t i c i z e  t h e  apparent ly  c r y s t a l l i n e  reg ions  by add i t ion  of water- 
so lub le  polymers. 
water-soluble polymers formed two phase systems as shown i n  Table IX.  
Films from such systems consisted of globules of one polymer d ispersed  
i n  t h e  other and were not f u r t h e r  t e s t ed .  

It i s  i n t e r e s t i n g  t o  note  t h a t  i n  many cases  two 

D. Polyacids and Polybases 

Most of t h e  candidate polymers of our study owe t h e i r  p o l a r i t y  and 
conductivity t o  hydroxyl or ether  groups o r  both. It i s  w e l l  known t h a t  such 
s t r u c t u r e s  l end  themselves or adjacent goups t o  oxida t ion  and it would there- 
f o r e  be of i n t e r e s t  t o  study polymers whose p o l a r i t y  der ives  from groups more 
s t a b l e  t o  oxidation. I n  t h i s  category we have considered polyacids (which are 
too  so luble  i n  unmodified form) and polyamines. 
commercial sources proved t o  be inso luble  i n  30% KOH but t h e  f i l m  was too  s o f t  
f o r  use. Chemical modifications t o  r a i s e  t h e  sof ten ing  po in t  are under study. 
Poly- (2-vinyl pyr id ine)  was prepared by suspension polymerization. 
monomer w a s  rernoved by s t e m  d i s t i l l a t i o n .  
water by decantation, and taken up i n  methanol. 
anol  solution. 
agen t s )  and t o  chrome p l a t e  was  so s t rong  t h a t  it w a s  no t  poss ib le  t o  remove 
them, 
beading (cohesive ac t ion )  defec ts  occurred i n  t h e  case of polyethylene. 
were r e l a t i v e l y  b r i t t l e  i n  dry a i r  but q u i t e  f l e x i b l e  i n  e l e c t r o l y t e .  

Polyethylenimine from two 

Unreacted 
The gummy product was washed w i t h  

Films were c a s t  from t h e  meth- 
Adhesion of these f i lms t o  g l a s s  (with and without p a r t i n g  

Removal w a s  poss ib le  by cas t ing  on polyethylene or  Saran al though some 
Films 

The polymer was soluble only i n  h ighly  polar  so lvents  ( in so lub le  i n  

Conductivity (Table V) vas poor. 
acetone) and was swollen 13% by water t o  give a highly ex tens ib l e  fi lm, but  
gave no weight pick up i n  30% and 40% KOH. 

E. HEPVA Films 

Three HEPVA films a r e  under t e s t  a t  Burgess; 
The fo l iowing  t a b l e  summarizes t h c  prepara t ive  h i s t o r y  and prope r t i e s .  

a l l  produced on commercial 
scale .  
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Table I1 - Prope r t i e s  of HEPVA Films 

Ijmbcr 374-59 37&-60 79 

Med. 
. 00 
.@5 

100 

trace (1) 
tracct (2) 

so iub le  

29-25 

3 

smooth 

- 

1.60 
.w - 

88 

insol .  
sl . wrinkled 

(1) Et!io:.r;-lated aminc type 
( 2 )  2odlcCi:1 rnc tab isu l f i te  
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F. Hydrolyzed Formvar 7/70 

This polymer, containing hydroxyl, ace t a t e  and formal l inkages  w a s  
hydrolyzed with excess a l k a l i  which a t t a c k s  only the  a c e t a t e  groups, convert ing 
them t o  h-jdroxyl. 
converted from t h e  composition at t h e  l e f t  t o  t h a t  given on t h e  r i g h t ,  

The r e a c t i o n  was followed a n a l y t i c a l l y  and t h e  p o l p e r  xas 

Formvar 7/70 Alkali- Hydr o l y  zed Formvar 7/70 
(calcd,  from NaOI1 consumed) Or ig ina l  (Shawinigan Analysis) 

OH (as polyvinyl  a lcohol  5% 
Formal (as polyvinyl  formal) 55% 
isxetate (as p o h p i n y l  a c e t a t e )  45% 
30% KOH abs. % or ig .  wt. 102% 
Water Abs, % orig.  w t .  105% 
Conduct. 30% KOH mnhos/cn? 9.4 10-4 

Neither t he  o r i g i n a l  nor saponi f ied  product gave t h e  requi red  con- 
duc t iv i ty .  
was p l a s t i c i z e d  t o  an almost l i qu id  state,, 
e l e c t r o l y t e  from our concentrated KOH t o  give t h e  requi red  l e v e l  of conduct ivi ty  

The f i l m  from the  hydrolyzed product w a s  no t  dissolved i n  water but 
However, it d i d  not  pick up suff ic ic l l ,  

G, Development of Separator Test Systems a t  Burgess 

Prel iminary tests on s ingle  c e l l s  were run a t  Burgess with desigp I??'*- 
meters as s m r i z e d  i n  Tables X I  and XII. 
t o  e s t a b l i s h  a l e v e l  of performance. Because t h e  PVAlc and W V h  films w e r e  
r e spec t ive ly  t h r e e  and two t i m e s  a s  t h i c k  as t h e  cellophane, correspondingly 
fewer layers could be used per p la te  s ide.  The r e s u l t s  of t hese  s i n g l e  tests 
are in t e rp re t ed  by Burgess as follows. The high r a t e  discharge performance of 
t h e  c e l l  with PViJc w a s  poor, however l i f e  cyc le  performance approached t h a t  of 
t h e  c e l l  containing cellophane. The c e l l  with H E P V h  performed qu i t e  favorably  
on h igh  r a t e  discharge and on l i f e  cycle  t e s t  but f a i l e d  ab rup t ly  on t h e  n in th  
cyc le  due t o  short ing.  

Dupont 193 PUCO cellophane w a s  used 

Detai led cycl ing da ta  are brought toge ther  i n  Table X I I I .  Typical  
discharge vol tage curves a r e  shown i n  Figures  6, 8 ana 10. 
as a func t ion  o f  cycle number i s  p lo t t ed  i n  Figures 7, 9 and 11. 

Discharge capac i ty  

Repeated t e s t s  are necessary t o  e s t a b l i s h  var iance of performance and 

Two 
t o  compare the  mean performances of  each type  of diaphragm. 
wi th  Borden HSPVA 79 a r e  being constructed a t  Burgess and w i l l  be cycled, 
o ther  commercial f i l m s  made from H D V L  of high (374-59) and medium (374-60) 
rnolecular weight r e spec t ive ly  w i l l  a lso be t e s t e d  i n  cells. I'Jso submitted 
for cycle  tes ts  ;?re two new PVAlc membranes 374-61 and 389-110, a methyl 
c e l l u l o s e  membrane 389-104 and 3 h~droxye thy lcc l lu lose  membrane 389-121. 

,"idditional c e l l s  
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Table ZIa- s e l l i n g  in EXectrolytes Calculat ions - - 
Calcd. Thic kne s s KOH Orig. F i n a l  Wt. F i n a l  - FlnaL 

$ e -  L'. 
I :cr:brane Conc. !,*t* 21; h r s .  Vol. Orig. Fina l  $ of 

or /s ofi-::) mils 1161s orie;. 
o r ig .  

3141 
0 2933 

0 2.419 
0 2439 

2263 
0 2455 

.2306 
268 5 

.18 23 
2518 

91385 
1788 

- 
0 kl46 

.0636 
00740 

.0620 

.06G6 

-1759 
,1125 

08 54 
.0859 

01a?7'7 
1227 

J132 
-1236 

- Soluble  - 
&jy5 .1'76i+ 

- Soluble  - 
.C:lS3 ,1620 

- Soluble  - 

234 
208 

143 
141 

150 
152 

163 
179 

196 
a1 

171 
201 

- 
221 

102 
10 2 

106 
103 

lop 
114 

109 
111: 

110 
11 5 

100 
106 

- 
146 

- 
149 
- 

1.2 
1.2 

1.8 
1.8 

1*5 
1.5  

1 - 5  
1 .5  

1.3 
1.4 

1.0 
1.0 

1.1 
1.1 

0.9 
1 .o 

0.8 
0.9 

2-0 
1 .5  

1-03 
1-3 

1.8 
1.6 

1.6 
1.6 

- 

1.4 

- 
1.4 
- 

3 -0 
2.8 

2.5 
2.3 

2,2 
2.4 

2.3 
2.4 

2-3 
2.3 

1.8 
2.2 

2.4 
2.4 

1.0 
1.1 

0.5 
(2.9 

- 
1.6 

1.6 
1.5  

2.0 
2.0 

1.8 
1.7 

- 
2.4 

- 

2*2 

- 

25c 
233 

129 
1 22 

147 
16J 

153 
160 

177 
164 

180 
230 

218 
215 

1U 
110 

112 
100 

- 
107 

123 
116 

111 
125 

112 
106 

- 
171 

- 
157 
- 

46 .11;96 -2764 163 1.7 2.9 1'7C - 
I- 

-!O'LC-;? 

(2) 

Volume changes are ca lcu la ted  fror-. weight changes and density o f  KOH solut..hTiS 
IIct!iocel i s  a Dew t r ade  name f o r  lIcthy1 Cellulose 
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Table I l Ib -  Swelling i n  Elec t ro ly tes ,  Ca lcda t ionS .  

Thickness 
KOH Orig. F i n a l  Calcd.-::- 48 

- I  
._ 
1 m3-brane Conc. :it. b i t .  g .  Final Orig. h r s .  OrFg 

g o  48 hrs .  Vol. % m t l s  n i l s  $ 
of Orig.  

Cciiopliane PUDO 

I3utvar B73 
335-23-2 

137 
157 

170 
199 

269 
2LcO 

121 
119 

10 9 
104 

100 
100 

100 
100 

100 
100 

100 
100 

100 
96 

1.5 
1.5 

1.6 
1.6 

1 .o 
1 .o 

1.5 
1-5 

1.1 
1.1 

1.2 
1.2 

1 - 5  
1-5 

3 e o  

3 .o 

1 - 4  
1.4 

1-5 
1 - 5  

2*4 
r. 5 

3 e 2  

3.5 

3.2 
2-9 

2 -1 
2.1 

1.1 
1.1 

1.1: 
1.3 

1.3 
1.5 

3.2 
3.1 

1 - 4  
1 - 4  

1.5 
1.5 

4:- Irolune changes ca lcu la ted  from weight cliangcs, assuming KOH and water are  
absorbed i n  propor t ion  t o  t h e i r  conccn'Graticn i n  so lu t ion .  

(a) Dovr grade of modified methyl cellulose. 
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Table Iv - E l e c t r i c a l  Conductivity and E l e c t r o l y t e  Absorption a t  Equilibrium 
Present Candidates 

a 
%* :Io tcboo k 30% KOH IC% 

Ref crcnc c Composition 'mhos/ W t .  z &os/ wt.5 or" 
cn: of  Orig. cm o r i g  

No Membrane .52 

Cellophane Aviscc 1 9  P I  .51 
HEPVA (Hydroxy e thglpolyvLny1 0 53 
a lcohol  ( B )  
HEPVA (high mol. w t .  > - 59 
HEPVA (med. nol. b z i t o >  * 59 
HEE-VA (2913 Leomflex L o t  4062) ( C )  -60 
PVAlc (Unplast., :orc!ercial) 58 
FVklc (commercial) (E) 52 
PVklc ( D )  - 46 
FVklc ( D )  .5L 
Methyl Cel lu lose  (15 cps.  C.P,> e 31 
Methyl C e l l d o s e  (Mcthocel 1 5 )  -32 

Cellophane PUDO 1?3 0 52 

Methyl Cel lu lose  (Mcthocel 100) 
Methyl C e l l u l o  s e (Me thoc e l  LOO) 

Methyl Cel lu lose  Modification B 50 
!&thy1 Ccllulcsc :4oJ!ific&ion C 9 48 
Hydroxy ethyl C e l l J l o  se 
PVlilc Modification 12 59 
PVAlc Piodif icat ic i  B .60 
PVklc Modificatio-i C 0 57 
HEPVA Modification ,i . 60 

0 31  
38 

Methyl Cel lu lose  "lodification k .48 

- 46 
.46 295 
-46 251 
.46 180 

-50 157 
.46 173 
52 

.50 179 

.10 
22G 

.YO 180 

.044 113 
-030 117 
.08 119 
.12 121 
-15 
29 

0 2 4  

- 

- 

- 
- 
- 

Soluble .51 165 
195 .5O 243 

50 
178 .40 233 
256 .50 36s 

- - 

I h t c s  (A) This should be t h e  base l i n e  and marimurn conduct ivi ty  poss ib le .  
However i n s  trunient reading a t  : i ~ i L l  p o i n t  w a s  occasional ly  highcr  
than t h i s  on conductive f i l m .  

(B) Membranes t e s t e d  a t  Bwgcss,  t h i s  r c p o r t  
( C )  Borden HEPVA m d e  f rorr 30-96 PVXc, 25% ethoxylat ion.  
( D) Unplas t i c i z e d  P V U c  3c-rd 
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Table V, - E l e c t r i c a l  Conductivity and E lec t ro ly t e  Lbsorption of Films 
Re j c c  t cd Candidates 

3 74-41 Copolymer Formvar 7/70 (:-) 

3 59-83 Copolymer Hydrolyzed Formvar 
7/70 (B)  

329-61-35 Polyethylene oxidc (Poly-, 
ox 35)  (c3 

30”7-6l-I-E 1 Polycthylene o n d e  (Poly- 

I!&07-l% 

407-13 

L-07-14 

3 89-101 

389-49-1 

3e9-49-2 

3 74-41 

369-88 

ox 80) ( D )  

Polyethylene oxide (Poly- 
ox 80)  (E)  

Polyethylene o e d c  (Poly- 
ox 80) (E)  

Polyethylene o ~ d e  (Poly- 
ox SO) ( 3 )  

Poly(2-vinyl pyr id ine)  (F )  

3 t h y l  Cel lulose (Ethocel 
T100) (G)  

Ethyl Cellulose (Ethocel 
G100) (G) 

S i lvered  Formvar 7/70 (E) 

Copolymer (RHOPLZX) ( I )  

Polyethylenimine (Borden 
i-Ionorner -Poljmer ) 

Poly(viny1 methyl ett icr-  
maleic anhydride ) (I< ) 

Poly(niethylviny1 c t f i e r ) ( ~ )  ( \ )  

Popyacrylamid (Cyanarncr 
~ 2 5 .  ~ 2 6 )  ( N )  

Blends D f  Polyo; 80 and Gantrez :.I( 119 
3 7L-3 9 8/20 (Films were clcar 
3e9-77 82/18 but b r i t t l e  

3 89- 76 73/27 and weak) 
3c 9-75 50/50 

7.7 x - 8.9 x - 

041 100 0 38 101 

2.7 x 102.7 6.6 x 99 

7.8 x 100,5 6.7 x lo-‘ 101 

2.9 10-3 - 3.8 10-3 - 

16.2 x 103 1.9 10-4 100 

4.6 100 16  100 

-5 
6.5 101 2,4 x 10 100 

-4 1.7 10-3 - 6*1 x 10 

5.4 Y 10 

too  s o f t  t o  t e s t  - insol. ICOH 

- - -5 

soluble, b r i t  tlc film 

too  s o f t  t o  t es t ,  i n s o l  KOH 

soluble ,  b r i t t l e ,  unstable .  

0 54 
0 52 

. 51  
Sol 

. 43 
- 
- 
SO1 

Notes f o r  t h i s  t a b l e  on f o l i & n g s h e e t .  
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Table V. - Notes: 

Shatnnigan, 
po l -p iny1  alcohol ,  55% polyvinyl f o r m d ,  45% polyvinyl  ace ta te .  
Saponified product of t h e  above 36.6% polyvinyl  alcohol,  63.4% polxvinyl  
f ornal. 

1”, formal of incompletely hydrolyzed polyvinyl alcohol:  5:: 

( C )  Union Carbide. 
( D )  Union Carbide, Film was r-icroporous, imperfect.  
( 3 )  
(F)  Synthesized for t h i s  project .  
(G)  Hercules 
( H )  
(I) Rolm- 62 Haas Copolymer. 
(J)  Union Carbide. 
(IC) 
(L)  (14) 
(14) h e r i c a n  Cyanamid. 

Inproved films by double coat ing and heating. 

Fi l i i  a f t e r  oxidat ion by s i l v e r  oxide i n  KOH. 

General h i l i n ,  Gantrez AN 119. 
General I d l i n e ,  Gantrez l4l55, Y555. 

Table V I .  - E l e c t r i c a l  Conductivity of Commercial i’IIemT3Tanes 

Nane Company Probable Composition Conductivity 
30% EOH 

_ -  I.hos/cm 

Ccllophane Du Pont Unplasticized PUCO .53 

Cell ophanc ‘Ji slting Amivis c o . 51  

Polypor iCL Gelnan Ueak polyacid d ispersed  i n  Dynel 
supported b;i 1Jylon cloth 

.575 

Polypor “&I Gelman Ikak  basic  i o n  exchange (polyazine) d i s -  153 
pcrsed i n  Dynel supported by Nylon c l o t h  

l i i l l i p o r c  OS I t i l l i po re  !‘Solverit r e s i s t a n t  3-10 nicrons’? 12.9 x 

: .fillipore OH I i i l l i po re  “So1ver.t r e s i s t a n t  0.5 t o  1.5 microm*’ !io.? x 10 

Note: The Polypor membranes were perineable t o  T lSPI  test, 
i n d i c a t i n g  inicropores. 
openings. 

Conductivity may be due t o  t h e s e  
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Table V I I  - Penet ra t ion  of D r y  Films by Dyed Turpentine (TAPPI T454-FI60) 

rntios/cm. 
Pcnctrat ioi i  Conductivity 

1 hr .  2 hrs. 1 day 3OgKOH 4OgKOH Ref cr  cnc c Polymer 

389-61-m 
407-11; 

75 
33-1.16 
3 9 - 9 2  
389-12 

389-6: 
39-105 
38 9-10; 

383-26 
37b-Q 
389-45-1 
389-49-2 

407-12 

Polyox 80 (A) 
i’olyox 80 ( B )  
Polyox 80 ( C )  
HEF’VA 
PVlYLC 
PVKLC 
Cellophane 

Methyl Cellulose 
Methocel 15 (D)  
Xs thocd  400 ( D )  

Butvar (E) 
Formvar 7/70 (F)  
Ethyl  C e l l u l o  s e 
Ethyl Cellulose 

(15 min.) ycs  Yes 
no ycs Yes 
no s l i g h t  yes 
no no no 
no 110 no 
no no no 
no 1;o I10 

no no no 
no no no 
no no no 

no no no 
no no no 

k s s o l v e d  f i l m  
Dissolved film 

0 4 1  
.018 

53 
8 5-4 
46 
53 

0 31  
-32 
e 3 8  

-38 
.016 

0 0.4 
003 
.12 

Notes: ( i L )  Cold c a s t ,  single film 
(13) 
( C )  
(D) Methyl c e l l u l o s e  
(E) Polyvinyl butyrzil 
(F) Polyvinyl formal-acetate 

Hot cast f i l m ,  improved homogeneity over  iZ 
Doublc layer filn;, improved hornogencity over A 
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Table VIII. - Penet ra t ion  of 30% KOH-Zquilibrated FiLm by 3C$ iCOH 

--__-I--- 

VS 0 Conductivity - ___-- --- 
Passage of Dye Conductivity 

P olyner 1 i r .  2 hr.  1 day 30$ KOH 402 K O 3  
mhos/cm mh c s/er. _-.-...-- 

LEITOFLEX 79 spots  spots  spo t s  - 53 46 

Cellophane PUCO spots spots  spo t s  53 A 6  

PV~LC 389-93 11 11 11 

389-106 I t  I7 1) 

389-67. no no spo t s  .46 P 44 

Ik thy l  Cellulose .l5 no no no -31 @I, 

IIethocel 100 no no no .31 - 0:) 

IIethocel 400 no no no 038 1 2  

I4etliocel HG 30 no no no 1.5 x 10 2-3 I -  1(? 

Formvar 7/70 no no no 9.4 x 10 

-3 - ,- 

!, -1,  -- 7 -  

2.5 x 16- 

-4 

-5 1 ,  

Eutvar 80 no no no 6,2 s io 

Ethy l  Cellulose TlOO no no no 4.6 105 1,6 x ic) 

2.-4 2: 19-’ 5 3 t h y l  Cellulose GlOO no no no 6.5 I: 10- 
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Table I X ,  - Combinations of Water-Soluble Polymers - 
Combination P a r t s  Resul t  ?\ F 

Reference 

389-89 

389-90 

407-8 

407-31 

389-79 

389-98 

389-99 

Polyethylene oxide 

Polyethylene o;dde 

I 1  

f l  

11 

Yet hylc e l l u l o s  e 

11 

1 

5 

5 

5.5 

5 

5 

5 

PVl;lC 

11 

HEPVA 

Polyacryl ic  Acid 

Gantrez i”W- 

P’JJ;Jc 

HEPVA 

9 

5 

5 

4.5 

5 

5 

5 

Two h y e r s  

’it.ro layers 

TW layers (2) 

Two layer s , bottom 
h y e r  p l a s t i c  

Sof t  film, sol. 
i n  30% ICOH 

Dso layers 

Two layers 

4bGantrez AN = copolymer vinyl ne thy l  e ther  and m l e i c  anhydride. 

(2) Bottom l aye r  c h i e f l y  H5PVA by I R  spectra .  

-18- 



Table X - Tensile Strength of Films a t  50% R.H. vs. Sa tura t ion  wi th  30% KOH 

L t  73"C,. 50% R.H, Soak 72 hrs. 30% KOH 
Reference Description Tens i le  EBonga- Tensi le  Elonga- 

p s i  t i o n  % p s i  t i o n  Z 

3 79-30-1 
3 74-42 

79 
374-59 
3 74-60 
3 74-61 
389-93 
389-105 
389-104 
389-103 
407-34-1 
407-34-2 
407-34-3 
407-3444 

Cellophme PUCO 193 17,200 
Cellophane Avisco 17,330 
HEFT;, 5,900 
HEPVA High rn.vrt. 4,330 
HEPV,', Med. rn.wt. 4,950 
Polyvinyl  Alcohol (commercial) 9,660 
Polyvinyl Alcohol (30-98) 9,150 
IJIcthoccl 15  10, loo 
Nethoccl LOO 8,250 
bfethocel 400 ll ,000 
Methyl Cellulose Modification D 5,920 
Methyl Cellulose Modification i: 4,950 
Ncthyl Cellulose Modification B 8,660 
Methyl Cellulose Nodification C 8,830 

32 
23 

583 
660 
590 
43 5 
1-55 

3 
5 
5 

23 
9 
7 
5 

4,700 
2,430 
2;210 
1,920 
1;860 
6,070 
3,620 
6,.340 
6,980 
7,640 

4,107 
5,497 

41 
29 

78 5 
830 
73 5 
705 
528 
18 
29 
26 
25 
17 
211 
25 

Table X I  - Design Parameters Common t o  fLg20-Zn Cells SS 5.5 a t  Burgess 

Design Parameters 

Noe of .:QO P l a t e s  
No. o f  zr, Plates 
!it, I'lg20/Plate 
?it  0 Zri/Pl,ztc 
.-.g20 P l a t c  S i x  
Zn F h t e  Size 
Theore t ica l  Cathode jig20 Capacity 
Theorc t ica l  .'.node Capacity 
Separator  

6 
7 
6,9 po (1.60 A.H.) 
3.2 gm, (2,64 L H , )  
1075 x 2,125 x 0.028 
1075 x 2,125 x 0,030 
9.65 L.H. 
18.45 ;?.,He 

in .  
in. 

Single layer per p l a t e  s ide,  
0,002 in .  ,'adex No. 13 

-19- 



Table X I 1  - Swnmar~ of Cell Cycling Tests at Burgess 
(;@-in Cells SS 5.5 with Design Parameters 
as Smma-izcd i n  Table X I ) .  

Diaphragm Material 
Borden Borden PUDO 

Cellophane ? V I i l C  Hcpvd 
193 78 79 

Burgess Construction Type: I V  V VI 
Film Thickness ( inches)  0,001 0.003 0.002 
Layers per plate s ide  5 2 3 

Figure shorzring cycle  l i f e  da t a  No, 7 No, 9 No. 11 
Number of cyc les  after which cycling still going 17 9 

Figures  showing t y p i c a l  discharge 
vol tage CUTVeS - No. 6 No. e Mo. 10 

regime was terminated a t  17  cyc les  

Reason f o r  te rmina t ion  - at 17 th  on 9th  cycle  
cyc le  de- f a i l e d  by 
l i v e r e d  
less than  diaphragm 
60% of thcc- 
r e t i c a l  Ag20 
capac i ty  

s h o r t  through 

i 



Table XI11 - C g c l i m  Data 
Construct ion Type iV Constmctiori  Type V Construct ion W.pe. .l?X 

DuPont C ellophanc Borden i'VNc Borden HEPVA 
Discllargc Discharge Discharge Dischargc Discharge Discharge Discharge 

Cycle I h t z  Time Gutput T i m e  sutpu t E K l C  Output 
,'mp * Hr d . H . H r .  i-I Iir 1.k .H 

1 
2 
3 
4 
5 
6 
7 
6 
9 
10 
11 
12 
13 
14 
15 
16 
17 

5.U 

1.08 

6.8% 

6.05 
5 -67 
5.36 
5 .OO 
5.10 
4-91 

4.38 
4-36 
4 - 1 5  
3 -68 

5.60 

e17 

5 -71 

4-52 

10.82 
11.20 
13 .so 
8.50 
13.64 
11 .k2 
12.m 
11.34 
13.72 
10 .oo 
LO .20 

9.82 
9 .oL: 
8.76 
s.72 
8.30 
7 -36 

b.15 
4. '7'1 . L2 
.02 
6 .!+2 
5.25 
5 -15 
4.7s 
4.53 
L.85 
3.3 
3.82 
3.98 
3 .;o 
3.15 
3.52 
2.87 

4.47 
5.22 
1.08 
.10 
7.03 
6.22 
6.15 
6.02 

.oo 

8.94 
10.44 
10.80 
5 .OO 
14.06 
12.u 
12.30 
12.04 . 00 

- 21 - 
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Fig. 5 - Folyox 80 F i l m  
E lec t ron  Micrograph 
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ERRATA 

First 9uarterly Report 
J u m  27, 1963 - Sept. 27, 1963 
Contract 110. HAS 5-3467 

p.  1 2  para. 2 l i n e  7 change '%heff t o  I1 to f1  

p. 1 2  Table I1 Under KOH 43% Hydroxjetligl Cellulose r f inso l . r f  

p.  l k  para. 4 l i n e  4 change t o  "carbonylrf. 

p. 22 l i n e  4 change rf3i)$ff t 0 11 z90$1f 

p. 22 l i n e  5 change " ( ra te  no t  t o  " (25  G f o r  2 min.)" 


